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Abstract



When wheelchair users remain seated in their wheelchairs during vehicle transportation, the
design assumptions of the vehicle, restraint system, and wheelchair are not aligned, resulting
in an undefined safety condition. This structural mismatch leads to situations in which
restraint systems do not function properly or cannot be adequately evaluated.

Previous studies have reported improvements in injury metrics using seatbelt-equipped
wheelchairs. However, the underlying mechanisms of these improvements have not been
sufficiently clarified in terms of design principles.

In this study, based on existing experimental findings and accident analyses, the conditions
required for establishing occupant protection for wheelchair users are extracted and
systematically analyzed through element decomposition. The results indicate that the
following factors are essential for achieving a valid restraint system: (1) appropriate load path
design, (2) reproducibility of restraint geometry, and (3) integration of load management and
occupant kinematics control.

Furthermore, the inherent trade-offs within the proposed structure are discussed, and a
framework for safety design in this previously undefined domain of wheelchair occupants is

presented.
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